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The advent of a growing share of small firms in modern economies
raises some intriguing questions. The most intriguing question
undoubtedly is why so many smaller firms, which have traditionally
been classified as sub-optimal scale firms, can exist. We suggest that,
through pursuing a strategy of compensating factor differentials, that
is by remunerating and deploying factors of production differently
than their larger counterparts, small firms are able to compensate for
size-inherent cost disadvantages. Using a sample of over seven thou-
sand Dutch manufacturing firms, we find considerable evidence that
such a strategy of compensating factor differentials is pursued with-
in a European context. When viewed through a static lens, the exis-
tence of such a strategy, while making small and sub-optimal scale
firms viable, suggests that they impose a net welfare loss on the
economy. However, when viewed through a dynamic lens, the find-
ings of a positive relationship between firm age and employee com-
pensation as well as firm age and firm productivity suggest that there
may be at least a tendency for the inefficient firm of today to become
the efficient firm of tomorrow.
5
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One of most striking findings emerging from studies focusing on new
firms is that not only are most new firms small, but they are so small
as to preclude operating at anything approaching an efficient scale of
output, at least for most industries (Audretsch, 1995; Thurik, 1993;
and Geroski, 1995).1 This finding that the bulk of firms are small
applies not just to new ones. Upon reviewing his 1964, 1976, and
1979 studies on the extent of sub-optimal scale plants and firms in
industrial markets, Leonard Weiss in 1991 concluded that, ‘In most
industries the great majority of firms is sub-optimal. In a typical
industry there are, let’s say, one hundred firms. Typically only about
five to ten of them will be operating at the MES (minimum efficient
scale) level of output, or anything like it. So here is a subject that
ought to be measured and critically analyzed and evaluated.’2 Not
only did Weiss (1976, p. 259) find that the MES level of output
exceeds that of most firms (enterprises) and plants (establishments),
but that, ‘On the average, about half of total shipments in the indus-
tries covered are from sub-optimal plants. The majority of plants in
most industries are sub-optimal in scale, and a very large percentage
of output is from sub-optimal plants in some unconcentrated indus-
tries.’3
While the exact reason why the extent of sub-optimal plants and firms
should vary so much across industries has remained something of a
controversy during the decades subsequent to the path breaking stud-
ies by Weiss (1964 and 1976), Scherer (1973), and Pratten (1971),
their actual existence has not.4 The persistence of sub-optimal plants
to dominate industrial markets over time and across developed west-
ern countries raises the question of not only why do sub-optimal scale
plants exist but also how are they able to exist.5 That is, Weiss (1991,
p. 403) assumed that ‘The term ‘sub-optimal’ capacity describes a
condition in which some plants are too small to be efficient.’
7
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1 Paul Geroski (1995) was able to comb through a diverse set of studies spanning a broad spectrum of countries, time periods,
and methods of analysis, to uncover a set of ‘Stylized Facts’ that emerge with remarkable consistency to answer the question,
‘What do we know about entry?’ The only limitation of Geroski’s survey is that it is confined to manufacturing. See Audretsch,
Klomp and Thurik (1999) for exercises in services.
2 Quotation from p. xiv of the Editor’s Introduction to Weiss (1991).
3 While Weiss (1964) concluded that suboptimal plants account for about 52.8 percent of industry value-of-shipments, Scherer
(1973) found that 58.2 percent of value-of-shipments emanated from the suboptimal plants in twelve industries, and Pratten
(1971) identified the suboptimal scale establishments accounting for 47.9 percent of industry shipments.
4 For example, Weiss (1991, p. 114) pointed out that, ‘Mike Scherer had formulated a theory explaining the extent of subopti-
mal capacity. Firms make decisions about plant scale when they add to capacity, trading off increasing transport cost against
falling production costs as additions to capacity are made. As a result, high concentration leads to larger scale plant and
reduced suboptimal capacity.’
5 Weiss (1991, p. 404) observed that, ‘The survival of smaller plants within any given industry may be due to their specializa-
tion in items with short production runs or to their service of small geographic markets within which their relatively small
national market share is irrelevant. To the extent that such explanations hold, small plants are not necessarily suboptimal.
However, such explanations seem unlikely to hold for a number of the industries where the percentage of suboptimal capac-
ity is large.’
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answer, provided by a growing body of literature linking survival
rates to firm size and age1, is that they cannot – at least not for an
indefinite period of time. These studies have produced three consis-
tent and compelling findings: (1) The likelihood of survival is lower
for new and small firms; (2) The growth rates of small and new firms
is greater than the growth rates of large and established ones; and (3)
the likelihood of survival for small and new firms is lower but the
growth rates of surviving firms are greater in industries where scale
economies and capital intensity play an important role. A key con-
clusion from these studies is that such small and sub-optimal firms
are, at least to some extent, in a state of static disequilibrium, in that
they must grow and approach an efficient scale of output to remain
viable in the long run. They do, however, exist in the short run
because they are incurring the risk whether or not they possess the
right endowments or qualities, both in terms of product offered as
well as in terms of management, to facilitate growth and ultimately
survival. In other words, they have only an option on growth and
future prosperity.
The purpose of this paper is to offer an explanation as to how such
sub-optimal scale plants are able to exist despite their inherent stat-
ic efficiency disadvantages. We build upon a hypothesis introduced
by Audretsch and Yamawaki (1992) and Audretsch (1995) suggesting
that sub-optimal scale plants compensate for their size disadvantages
by deviating from the manner that productive factors are deployed
and remunerated by their larger counterparts. By engaging in a strat-
egy of compensating factors of production differently than large
established firms, smaller ones are able to offset, at least to some
extent, their size-induced scale disadvantages.
Audretsch (1995) finds considerable evidence that smaller establish-
ments in both the United States and Japan are able to compensate
for their size related disadvantages through pursuing a strategy of
compensating labor differentials differently than their larger counter-
parts. There are reasons to expect that a strategy of compensating
factor differentials is more difficult to implement in Europe. Not only
is protection under unions more widespread in Europe than in either
Japan or the United States, but a broad spectrum of legal institutions 
8
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1 See for example Audretsch (1991 and 1995), Audretsch and Mahmood (1995), Audretsch and
Mata (1995), Evans (1987), Hall (1987), Dunne, Roberts and Samuelson (1988 and 1989),
Mata (1996), Mata, Portugal and Guimaraes (1995), Wagner (1992 and 1996) and Baldwin
and Rafiquzzaman (1995).
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try norms.1
In the following section the manner used to calculate the minimum
efficient scale (MES) is explained and the degree to which scale
economies exist along with the prevalence of sub-optimal sized firms
is examined. A model linking the existence of sub-optimal scale firms
to compensating factor differentials is introduced in the third section.
Using a system of simultaneous equations, our hypothesis on the
existence of compensating factor differentials is tested for 7,716
Dutch manufacturing firms in the fourth section. Finally, in the fifth
section a summary and conclusions are provided. We find consider-
able evidence that, even in a European context, a different remuner-
ation to labor serves, at least to some extent, to compensate for the
inherent size disadvantages confronting sub-optimal scale firms. The
empirical results suggest that the degree to which such a strategy of
compensatory factor differentials is implemented depends upon the
extent to which the MES level of output exceeds that of the sub-opti-
mal scale firm along with the extent to which efficiency declines with
decreasing firm size. 
The lower employee compensation associated with smaller firms has
been attributed by Brown, Hamilton and Medoff (1990) to represent
a net welfare loss. Similarly, Weiss (1979) argued that sub-optimal
scale firms represent a net welfare loss in terms of lower efficiency.
However, an important finding of this paper is that both the com-
pensation differential and the productivity differential between large
and small firms tends to disappear as sub-optimal firms age over
time, even after controlling for the size of the firm. This may suggest
that the strategy of compensating factor differentials is only viable in
the early stages of a firm’s existence. And more importantly, this new
finding of the influence of firm age on wages and productivity sug-
gests not only that the less productive firm of today becomes the pro-
ductive firm of tomorrow, but, equally important in terms of welfare




1 In the Netherlands collective wage-agreements do not only apply to the firms represented in
the bargaining process, but due to mandatory extension-(collective bargaining agreements)
also to all other firms in the industry. See Teulings and Hartog (1998).
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Sub-Optimal Plant Share
2.1 Measuring the Extent of Scale Econo-
mies
As Caves, Kalilzadeh-Shirazi, and Porter (1975) and Scherer and Ross
(1990, chapter eleven) both emphasize, estimating the extent of scale
economies in an industry is a hazardous and imprecise undertaking.
While a number of methodological approaches for estimating the
industry MES have been introduced in the literature (Scherer and
Ross, 1990, chapters eleven and four), here we follow the tradition in
the industrial organization literature and adapt the method first intro-
duced by Comanor and Wilson (1967), who approximated the MES
by measuring the mean size of the plants accounting for the largest
fifty percent of the industry value-of-shipments.1 That is, the
Comanor and Wilson measure yields the average size of the largest
firms in the industry and is at least able to reflect whether the bulk
of sales in an industry are made by larger or smaller firms.
It should be emphasized that this is not an exact measure of the actu-
al MES. Rather, at best it is useful as an index in that it reveals rela-
tive differences in the extent of scale economies in a cross-industry
context. That is, the MES index is useful in identifying that a certain
industry, such as steel, has a greater extent of scale economies than,
say, shoes. This proxy measure should never be interpreted as an
exact measure of the actual MES in an industry. In any case, Scherer
and Ross (1990, pp. 424-425) report that the various estimates of
MES derived from industry census statistics correlated reasonably
well with the presumably more precise engineering estimates for a
limited sample of industries.
11
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1 The Comaner and Wilson (1967) method for approximating the MES, while used by numerous
researchers, is a slight variation on the original method introduced by Weiss (1963), who
proxied the Mes as the plant size accounting for one-half of the industry value-of-shipments.
It follows that the Comaner and Wilson measure is systematically larger than the Weiss mea-
sure
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lands
Using the 1991 Production Statistics, collected by the Department of
Statistics of Manufacturing and Construction of Statistics Netherlands,
the MES proxy was estimated.1 The MES for Dutch manufacturing
industries has been aggregated to two-digit manufacturing sectors for
presentation purposes in Table 1. The computed MES is relatively
large in chemicals, primary metals and transportation equipment. By
contrast, the MES is relatively small in apparel, furniture and leather.
This is also true in the United States and Japan.2 In fact, the industry
variations in the mean MES across sectors are quite the same among
the three countries. In particular, the simple correlation of 0.86
between the computed MES in Japan and the United States suggests
that, despite the conversion problem, the relative differences in the
importance of scale economies are similar between the two countries.
This similarity between the Netherlands and Japan is not so strong,
as the simple correlation of 0.06 might suggest, and is even weaker
between the United States and the Netherlands, as evidenced by the
simple correlation coefficient of 0.30.
Next to the obviously crude method used to approximate the MES,
there are also several other weaknesses which should be empha-
sized. The MES, when measured as total value of shipments, tends
to be overstated in industries producing goods close to the final con-
sumer and understated in industries producing goods that are pre-
dominantly used as intermediate inputs. That is, the level of the pro-
duction process in the vertical chain is not controlled for in the value-
of-shipments measure. In addition, comparing values of the MES
across countries requires conversion into a common currency using
12
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1 An additional complication in computing the MES for the Netherlands is that total industri-
al sales for each manufacturing industry is not easily computed, because of a lack of uni-
versal data on all small firms. To estimate total sales of small firms, a procedure based on
the so-called ratio-estimator was implemented. The procedure is based on a stratum, or a
sub-group within a three-digit industry containing companies within a specific firm size
class. The mean sales was computed for each stratum. The mean sales (of each stratum) was
then multiplied by the number of firms in the auxiliary data set, which contains the universe
of firms (in terms of numbers). This then provided by the estimate for the total sales in each
stratum. In addition, any potential sample bias was corrected for by using a correction fac-
tor, based on combining the auxiliary data set with the data files identifying the mean num-
ber of employees. For companies that can be located in both data files, the mean number of
employees per stratum was also computed. Using the auxiliary data files the mean number
of employees per stratum was also computed. Dividing the mean sales by the mean employ-
ees provided a correction factor which was then used. Total sales in each industry was then
calculated by summing all sales over the strata for the smallest firms and adding in the sales
of the largest firms.
2 The data for the United States are based on the 1982 United States Census of Manufactures.
The data from Japan are based on the 1982 Japanese Census of Manufactures. They are both
taken Audretsch (1995). To compare the computed MES for the Netherlands with that for the
United States and Japan, the dollar estimates had to be obtained using a currency conver-
sion exchange rate based on the 1993 Yearbook of International Labor Statistics from the
International Labor Office, Geneva.
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ticularly with respect to Japan, are volatile from year to year. To avoid
these problems, Table 2 lists the number of employees associated
with the MES firm. However, the employee measure is biased
because it neglects the amount of capital input required to attain the
MES. Thus, the MES tends to be understated in a highly capital-
intensive industry and overstated in industries where the capital-
labor ratio is relatively low. The limitations inherent in each of these
measures explain why the rank order of industries according to the
MES measured in terms of value-of-shipments does not exactly cor-
respond to the rank order when the MES is measured in terms of
employment.
There are at least four major reasons why the MES for any given
industry should vary between nations. First, not all countries may be
at the technological, management, and production frontier. Second,
even if all three nations are at the technological frontier, variations in
relative factor input prices will result in differences in the observed
MES. Third, the aggregation of various productive activities under
the umbrella of an encompassing industry classification will result in
differences in the measured MES between the two countries, if the
composition of various productive activities in the industry varies
between nations. This is probably the explanation for the consider-
ably greater MES measured in the American and Japanese trans-
portation equipment sectors than in the Dutch transportation equip-
ment sector. While considerable assembly production is included in
the United States and Japan, the bulk of economic activity within this
sector in the Netherlands involves the production of parts. Fourth,
differences in domestic vertical and horizontal relationships as well
as managerial techniques may result in variations in the computed
MES across nations. For example, as Loveman and Sengenberger
(1991) and Aoki (1988) point out, formal and informal subcontract-
ing relationships are much more prevalent in Japanese manufactur-
ing than in the United States or Western Europe. To the extent that
Japanese plants tend to be less vertically integrated, the computed
MES for a given Japanese industry will tend to be less than that for
its American or Dutch counterpart. These four factors probably
account for a considerable amount of the differentials in the aggre-
gated mean MES for broad industrial sectors among the United States
and Japan, which are shown in Table 1.
One common tendency exhibited in the Netherlands, as well as in
the United States and Japan, is that the share of firms accounted for
by sub-optimal scale firms is remarkably high. In all three countries
13
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being so small that they can be classified as sub-optimal, at least
according to the traditional definition found in the industrial organi-
zation literature.
14
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The lower productivity associated with small firms displayed Tables
1 and 2 raises a question which has never been answered in the
industrial organization literature: ‘How are plants able to survive if
they are operating at a scale that is sub-optimal, in that their level of
production is less than the MES level of output?’ While it is true that
small and new firms often resort to a strategy of filling a small prod-
uct niche1, or else serve as a supplier of parts to a larger downstream
producer within the same industry, the systematically lower propen-
sity of such new and small firms to survive confirms that they are
confronted with at least some type of size disadvantage. And this size
disadvantage should increase as the extent of scale economies in the
industry increases.
That is, one reaction to the question of how sub-optimal firms man-
age to survive is that they do not, at least not with the same likeli-
hood as larger firms. As previously mentioned, a growing and
impressive literature has confirmed across a wide spectrum of coun-
tries, time periods and industries the existence of a positive relation-
ship between the likelihood of survival and firm size. Similarly, those
smaller firms surviving in the long run have been found to experi-
ence higher growth rates than their larger counterparts, so that pre-
sumably more than a few of them attain or at least approach the MES
level of output. That is, small firms tend also to be young firms. The
results of this literature clearly show that, while the probability of a
young and small firm surviving is lower than that of a larger and
more experienced firm, the growth rate of those young small firms
that do survive tends to be greater than that of older and larger firms.
Still, until smaller scale firms grow sufficiently to attain or at least
approach the MES level of output, the question of how they manage
to stay viable remains. The observation made by Brown and Medoff
(1989) and Brown, Hamilton, and Medoff (1990) that employee com-
pensation tends to be systematically lower in small firms than in
large ones provides at least on explanation.2 Through providing a
lower level of employee compensation than that provided by their
15
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1 Bradburd and Ross (1989).
2 Similar results have been found by Oosterbeek and van Praag (1995) for the Netherlands.
Hartog and Tuelings (1994) conclude that the firm size effect is smaller in the Netherlands
than in the US. For the Netherlands they obtain firm size elasticities of wages between 0.006
and 0.02, whereas Brown and Medoff (1989) obtain an elasticity of 0.03 for the US.
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inherent cost disadvantages.1 To the degree that sub-optimal scale
firms are able to reduce the level of employee compensation below
that paid by optimal-sized plants, the average cost will be corre-
spondingly lower. Should the sub-optimal firm succeed in reducing
employee compensation to a sufficient degree, it can actually lower
its average cost to that faced by the larger firms, at which point it will
be viable and able to survive in the long run.
Table 3 shows that sub-optimal firms do experience a considerable
productivity disadvantage. Productivity is measured here as value
added divided by employment. The productivity differential tends to
be the greatest in those industrial sectors exhibiting the largest MES
in Tables 1 and 2. Not only is the productivity the greatest in the
Dutch industry exhibiting the largest computed MES – chemicals –
but the gap between the optimal and sub-optimal firms is also the
largest, where the large firms are nearly twice as productive as their
smaller counterparts. By contrast, in industries with a very low com-
puted MES, such as apparel, lumber, and furniture, the productivity
gap between the optimal and sub-optimal plants is virtually non-exis-
tent. As might be expected, given the relatively high wage rate and
other institutional rigidities in the Netherlands, the productivity gap
between the optimal and sub-optimal firms is lower in the
Netherlands than in either the United States or in Japan.
Table 4 confirms that employee compensation is lower in sub-opti-
mal plants than in optimal plants in the Netherlands, as well as in
the United States and in Japan. The differential in employee com-
pensation generally reflects the differentials in productivity shown in
Table 3. Thus, the Dutch sector exhibiting the greatest differential in
productivity, chemicals, also exhibits the largest differential in labor
compensation between optimal and sub-optimal scale firms. By con-
trast, in the sectors where there are virtually no differences in pro-
ductivity between sub-optimal and optimal, such as apparel and fur-
niture, there is also no difference in employee compensation.
16
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1 An example of the strategy of compensating factor differentials is provided by the Wall Street
Journal (1991, p. 1), which reports that ‘Wall Street has been in love with Nucor Corp.’, which
has become the seventh largest steel company in the United States through its fifteen mini-
mill plants. Nucor has pursued a strategy not only of ‘. . . declaring war on corporate hierar-
chy’, but also by being ‘. . .terribly efficient, aggressively non-union and quite profitable. Most
of its 15 mini-mills and steel fabrication operations are situated in small towns, where they
have trained all sorts of people who never thought they’d make so much money. And Nucor
has developed a revolutionary new plant that spins gleaming sheet steel out of scrapped cars
and refrigerators.’ In the case of Nucor, compensating factor differentials also apparently
include the health and safety of the employees: ‘Its worker death rate since 1980 is the high-
est in the steel industry . . . Nucor is a highly decentralized company with little corporate
structure. It doesn’t have a corporate safety director or uniform training programs, leaving
safety up to plant managers.’ One employee reports, ‘ If something’s not right, and you can fix
it in a half hour the wrong way and two hours the right way, you take the shorter way.’
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optimal scale firms is the largest in Japan, second largest in the
United States and the smallest in the Netherlands. At the same time,
the gap in employment compensation between the optimal and sub-
optimal scale firms is the greatest in Japan and virtually identical in
the United States and the Netherlands.
As Tables 4 and 5 indicate, there is considerable evidence suggesting
that a sub-optimal scale firm can exist by compensating for its inher-
ent size disadvantages through deviating from the manner in which
factor inputs are paid. As Brown, Hamilton and Medoff (1990) point
out, smaller firms may be able to avoid labor rigidities imposed by
unions and therefore subject employees to longer working hours.
Similarly, a strategy of compensating factor differentials may be
reflected in differing managerial organizations and methods of pro-
duction. For example, as a result of their small size, sub-optimal
plants may require less of a vertical hierarchy than their larger opti-
mal counterparts, thereby reducing the amount of white-collar over-
head cost. Carlsson and Taymaz (1994) and Dosi (1989) have argued
that small establishments are more adept at implementing flexible
methods of production than larger plants, which are more likely to
be burdened with rigid work rules. And Caves and Pugel (1980),
Audretsch (1995) and Audretsch and Yamawaki (1992) found evi-
dence that small firms can offset their inherent size disadvantage
through pursuing a strategy of product innovation and deploying fac-
tor inputs differently than their larger counterparts.
An important insight of Caves, Khalilzadeh-Shirazi, and Porter
(1976) was that the extent to which sub-optimal sized establish-
ments are encumbered with an inherent cost disadvantage is deter-
mined not only by the extent to which the MES level of output is in
excess of a sub-optimal plant output level, but also by the slope of
the long-run average cost curve over the sub-optimal scale range. In
fact, they introduced the cost disadvantage ratio, which they defined
as average value-added per employee in establishments providing
the lowest fifty percent of industry value-added, divided by the mean
value-added per employee in establishments supplying the top half.
The greater their computed cost disadvantage ratio, the greater will
be the slope of the long-run average cost function in an industry. This
suggests that in order for a sub-optimal firm to be viable, for any
given size, the compensating differentials in terms of employee com-
pensation, must be sufficiently greater to offset the greater cost dis-
advantage associated with a steeper long-run average cost curve.
17
Compensating Factor Differen-tials
990600  24-07-2000  14:39  Pagina 17Thus, the extent to which a sub-optimal scale firm shipping an out-
put with a value of VSHIPSO falls short of the equivalent value-of-
shipments corresponding to the MES level of output, or, VSHIPO, will
determine the degree to which the firm must compensate for its pro-
ductivity disadvantage, by reducing its labor costs and deploying its
resources differently from that practiced in optimal-sized firms, so
that
VSHIPso - VSHIPo = αo + αl(Wso– Wo) + ∑i=1,I α2 i (Fso – Fo) + 
α3(VAso – VAo) + ∑j=1,J α4 j Kj +µl   (1)
where WSO and WO represent the employee compensation in sub-
optimal and optimal firms, FSO and FO represent the use of factor and
managerial practices i in sub-optimal and optimal firms1, and VASO
and VAO refer to the value-added per employee in sub-optimal and
optimal firms. Finally, K refers to the j industry-specific characteris-
tics influencing the extent to which sub-optimal firms must compen-
sate for their cost disadvantages in order to be viable.
Equation 1 can be most easily interpreted as identifying the extent to
which wages must be lowered and factors deployed differently, such
as investment strategy, in order for a sub-optimal firm of a given size
to compensate for its size-induced productivity disadvantage. Three
different phenomena determine the extent to which the payment of
factors and their deployment must compensate for the inherent size
disadvantage. The first is the degree to which the MES level of out-
put exceeds that of the sub-optimal firm. The greater this difference
becomes, the more wages must be reduced, and the greater is the
extent to which other non-wage compensatory strategies must be
deployed. That is, as the degree to which a firm is sub-optimal
increases, the more a firm must compensate for its size-induced cost
disadvantages. Second, for a given extent to which the MES level of
output exceeds that of a sub-optimal firm, a greater slope of the long-
run average cost function (negatively) causes an increases in the
extent to which a strategy of compensating differentials must be
deployed. Finally, certain industry-specific characteristics will pre-
sumably reduce or increase the extent to which a sub-optimal scale
firm must compensate for a disadvantage of any given magnitude.
For example, to the extent that the market price is elevated above
long-run average costs, the need for a sub-optimal scale firm to com-
18
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ment, etc.
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Caves (1982) have shown that high industry growth is associated
with higher industry profitability and therefore presumably higher
prices.
Audretsch (1995) and Caves and Pugel (1980) provide evidence that
pursuing a strategy of product innovation is one mechanism that
small and presumably sub-optimal businesses can deploy to com-
pensate for size-induced disadvantages. However, an important con-
clusion of Audretsch (1995) is that the relative innovative advantage
of small firms vis-à-vis their larger and more established counterparts
is anything but constant across industries. Thus, the extent to which
small firms need to compensate for their size disadvantages may be
reduced somewhat in industries where small-firm innovative activi-
ty is particularly high. 
A particular econometric challenge posed in estimating equation 1 is
that, as Brown and Medoff’s (1989) work makes clear, the gap in
employee compensation between sub-optimal scale and optimal
scale firms is largely determined by the size difference between the
sub-optimal scale firm size and the MES level of output. Similarly,
differentials in value-added-per employee between firms within an
industry are determined, to a considerable extent, by differences in
firm size. This suggests that, equation 1 must be estimated within the
context of a simultaneous-three-equations-model, where the differ-
ences in value-added-per employee and employee compensation
between sub-optimal and optimal scale firms, as well as the size dif-
ferential, are endogenous variables.
Assuming linearity we obtain the following equation:
Wso – Wo = β0 + β1(VSHIPso – VSHIPo) + β2(VAso – VAo) + β3AGE +
β4ULAB + µ2 (2)
where the additional variable AGE is the age of the firm and ULAB
is an industry level measure for the amount of unskilled labor. The
gap between optimal firm and sub-optimal firm employee compen-
sation is estimated as being determined by the differentials in firm
size and value-added per employee, along with the age of the firm
and the share of the labor force accounted for by unskilled labor in
19
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prices above minimum long-run average cost, sub-optimal plants would be protected in the
long run, especially if their cost disadvantages were mild.’
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to implement a strategy of compensating wage differentials for
skilled than for unskilled labor it would be expected that the share of
the labor force accounted for by unskilled labor should have a nega-
tive impact on the gap in employment compensation between sub-
optimal and optimal scale firms.
Assuming linearity we obtain the third equation:
VAso – VAo = δ0 + δ1(VSHIPso – VSHIPo) + δ2(INVso –INVo) + δ3AGE +
µ3 (3)
where the additional variable INV is a firm-level variable measuring
the level of investment. The differential in value-added per employ-
ee, or productivity, between optimal and sub-optimal scale firms is
estimated as being determined not only by the differential in firm
size, but also by the differential investment activity, as well as the age
of the firm. That is, a difference in plant size of a given amount will
presumably result in a greater difference in value-added per employ-
ee when the differential in investment activity is also large.
20
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4.1 The Difference between the Firm Size
and the MES Level of Output
To estimate equation 1 and test the hypothesis that sub-optimal scale
firms offset, at least to some extent, their size inherent disadvantages
by deviating from the manner that larger firms deploy and compen-
sate labor, the dependent variable, VSHIPso - VSHIPo, is formed by
subtracting the value-of-shipment for 7,716 firms from the computed
value of VSMES for the relevant three-digit industry. Employee com-
pensation is measured as total employee wages plus non-wage com-
pensation, including social security taxes paid by the firm, divided by
the number of employees in that firm, for 1991. The difference in
employee compensation between sub-optimal and optimal scale
firms is then formed by subtracting the employee compensation of the
MES sized firms from that of each sub-optimal firm. Thus, the gap in
employee compensation is measured in terms of a negative number,
so that a positive coefficient is expected indicating that a sub-optimal
scale firm can compensate, at least partially, for its size-induced dis-
advantages by reducing workers wages and salaries below that paid
by optimal sized firms.
The  productivity differential between sub-optimal scale firms and
firms having attained the MES level of output is analogously mea-
sured as the difference in the value-added-per employee, defined as
manufacturing value added (in thousands of Dutch guilders) divided
by the number of employees. A negative coefficient is expected and
would reflect the need for differential strategies to be deployed by
sub-optimal scale firms to compensate for a productivity disadvan-
tage. That is, as the productivity disadvantage increases for a given
sub-optimal firm size, a negative coefficient of this variable will con-
tribute to determining the extent to which employee compensation
must be reduced.
In addition, differences in investment activity are also included.
Investment activity is proxied in terms of the depreciation costs asso-
ciated with the cumulative stock of capital (in terms of thousands of
Dutch guilders), divided by the number of employees in 1991. A neg-
ative coefficient of the differential between depreciated cumulative
capital expenditures would suggest that sub-optimal firms resort to a
strategy of higher capital investment to offset their size disadvan-
tages.
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ables, which are specific to a particular firm, several industry-specific
characteristics are also hypothesized to influence the extent to which
sub-optimal scale firms engage in compensatory strategies to offset
their size-induced disadvantages. Market growth is measured as the
mean percentage growth of sales in each three-digit industry between
1985-1990. It is expected that a strategy of compensatory differentials
is less important in industries experiencing high growth than in those
industries growing more slowly. Finally, the degree to which small
firms tend to have the innovative advantage over their larger counter-
parts is represented by a measure of the small-firm innovative advan-
tage. The small-firm innovative advantage is measured as the mean
R&D intensity of firms with fewer than 100 employees divided by the
mean R&D intensity of all firms. The R&D intensity is measured as the
total number of employees in the relevant three-digit industry occupied
with R&D for the company, including formal, informal and external
R&D, divided by total employment. A negative coefficient of the small-
firm innovative advantage would indicate that in industries where the
small firms tend to have the relative innovative advantage, less of a
compensatory strategy is needed by sub-optimal firms to offset any
given size disadvantages. A brief description and summary of all vari-
ables estimated in the three-equation model can be found in Table 6.
Based on the 7,718 firms for which full records and compatible indus-
try-specific variables are available, equation 1 is estimated first using
the method of ordinary least squares (OLS), and the results are shown
in the first column of Table 7. In fact, the coefficients of the compen-
sation differential, productivity differential, market growth, and small-
firm innovative advantage are all counter-intuitive. Of course, the OLS
estimation treats the compensation and productivity differentials as if
they were exogenous from the firm size differential (that is the differ-
ential between each firm and the computed MES in the relevant
industry), which, as stressed in the previous section, is not a realistic
assumption. Thus, in the two-stage least squares estimation (2SLS),
both the compensation differential and the productivity differential
are included as endogenous variables in a system of simultaneous
equations. The actual estimates for the compensation differential and
productivity differential will be examined in sections 4.2 and 4.3.
Under the 2SLS estimation the coefficient of the compensation differ-
ential becomes positive and statistically significant, suggesting that
the ability to reduce employee compensation facilitates the viability of
smaller scale firms. Computing the elasticity at the mean shows that
as the compensation gap shrinks by 1 percent, the firm will have to
increase its size by 0.56 percent in order to maintain viability.
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ity differential becomes negative, implying that an increase in the
productivity gap will force sub-optimal firms of any size to resort to
a more intensive strategy of compensating factor differentials in order
to compensate for the greater cost disadvantage. Or alternatively, it
suggests that given a certain degree of compensating factor differen-
tials, the size of any sub-optimal firm will have to increase as the pro-
ductivity gap increases to maintain viability. Computing the elastici-
ty at the mean suggests that as the productivity gap decreases by 1
percent, the size gap can correspondingly increase by a maximum of
1.09 percent for the firm to maintain its viability.
The positive and statistically significant coefficient of the investment
differential suggests that smaller firms cannot compensate for size-
inherent disadvantages by raising their investment intensities, rela-
tive to that of their larger counterparts. Perhaps production requires
some minimum investment in capital goods. This suggests that cap-
ital goods requirements are a disadvantage to small firms. On the
other hand, the positive and statistically significant coefficient of
market growth suggests that the extent of a compensatory differen-
tial strategy for any firm needs to actually be greater in high growing
markets than in more slowly or declining markets. Stated alterna-
tively, given any degree of compensating factor differentials, as mar-
ket growth increases, the size of a (sub-optimal) firm also needs to
increase in order to maintain viability. Finally, the coefficient of the
small-firm innovative advantage can not be considered to be statisti-
cally significant.
An alternative specification of equation 1 is to scale the difference
between the size of a firm and the size associated with the MES level
of output by MES. The advantage of scaling is that the dependent
variables become measured free of dimensions in the same manner
as all exogenous variables. In this case, the dependent variable to be
estimated becomes (VSHIPso – VSHIPo)/VSHIPo. However, this mea-
sure of the relative size gap is likely to suffer from heteroskedastici-
ty, since the error term tends to be systematically larger as the rela-
tive size gap increases and thus the estimates need to be corrected
for heteroskedasticity.1 Estimation results of the scaled version of
equation 1 can be found in the last two columns of Table 7.
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rejected at a one percent significance level.
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of the relative size gap, corrected for heteroskedasticity, produces
coefficients for the firm level variables that are consistent with the
unscaled 2SLS estimation. Both industry level variables show a
change of sign and now show signs in accordance with the hypothe-
ses. The coefficient of market growth is negative and statistically sig-
nificant. This suggests that less of a strategy of compensating factor
differentials is required in industries growing rapidly. The coefficient
of the small-firm innovative advantage also becomes negative and
statistically significant implying that less of a strategy of compensat-
ing factor differentials is required to maintain firm viability in indus-
tries where small firms have the innovative advantage. The observa-
tion that only the effect of industry level variables changes indicates
that some industries have dominated the estimation results in the
first three columns, because of a systematically greater residual vari-
ance.
4.2 Employee Compensation Differential
The estimated model for the differences in the employment com-
pensation between optimal and sub-optimal firms is shown in Table
8. The differential in employment compensation between optimal
and sub-optimal firms is estimated by the size differential (the
dependent variable of equation 1), the productivity differential, the
age of the firm and the share of the labor force accounted for by
unskilled labor, measured in 1987.1 Based on the 2SLS estimation the
results are qualitatively identical for both the unscaled compensation
differential as well as the scaled differential. The positive and statis-
tically significant coefficient of the size differential suggests that as
the gap in firm size increases so does the gap in employee compen-
sation.
Similarly, the positive and statistically significant coefficient for the
productivity differential suggests that as the differential in productiv-
ity increases, holding the difference in firm size constant, the gap in
the employment compensation between the optimal and sub-optimal
firms also increases correspondingly. The negative and statistically
significant coefficient of unskilled labor suggests that as the share of
unskilled labor in the industry labor force increases, the compensa-
tion gap tends to increase. This suggests that a strategy of compen-
satory factor differentials is easier to implement in an industry where
unskilled labor plays a more important role than in an industry
where skilled labor plays a more important role.
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firm suggests that the compensation gap between the sub-optimal
and optimal sized firms tends to fall as a firm matures, holding con-
stant the size of that firm. This may reflect the propensity for firms
to substitute a higher level of human capital and skilled labor as it
matures over time and its prospects for longer-term survival improve.
Alternatively, it may indicate that the ability for firms to suppress
employee compensation below that of their larger and more estab-
lished counterparts tends to deteriorate over time. A third potential
explanation is that the impact of firm age on the compensation gap
may be due to the fact that on average younger firms have younger
employees. As the firm matures, also the age (and experience) of the
average worker increases. In any case an increase in firm age by one
year will increase employee compensation by $143. Alternatively,
computing the elasticity at the mean suggests that an increase in firm
age of 1 percent will lead to a decrease in compensation gap by 0.38
percent.
4.3 Productivity Differential
The productivity differential between sub-optimal and optimal firms
is estimated by the size differential, the degree of capital investment,
and firm age. The results are presented in Table 9. The positive and
statistically significant coefficient of the size difference in the OLS esti-
mation suggests that as the gap between the size of a particular firm
and that associated with a firm operating at the MES level of output
increases, the productivity gap also increases. Surprisingly, this coef-
ficient becomes reversed under the 2SLS estimation, both scaled and
unscaled. The positive and statistically significant coefficient of the
investment differential suggests that by reducing the gap in invest-
ment per worker, a small firm can also reduce the productivity gap. 
The positive and statistically significant coefficient of firm age sug-
gests that, holding the firm size and investment intensity constant,
as firms mature the productivity gap tends to decrease. This result is
consistent with the finding from Table 8 suggesting that the com-
pensation differential also tends to decrease as firms mature over
time. An increase of one year in the life of a firm leads to an increase
of productivity of $205 per worker. Alternatively, computing the elas-
ticity at the mean yields a decrease in the productivity gap of 0.50
percent associated with a one percent increase in the age of the firm.
As previously mentioned, the positive influence of firm age on pro-
ductivity may reflect the propensity for new firms to substitute
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to take advantage of learning by doing and experience to achieve
greater productivity. In either case, the result is a clear association
between the age of a firm and its levels of productivity and employ-
ee compensation, even after controlling firm size and investment.
4.4 Decomposing Surviving and Exiting
Firms
One of the concerns about comparing the wage and productivity per-
formance to firm size is that at any one point in time, each size
cohort consists of unsuccessful firms, in that they will ultimately fail,
as well as successful ones, in that they will survive over an extend-
ed period. A result found repeatedly across a wide spectrum of
nations (Evans, 1987; Hall, 1987; Audretsch, 1991; Audretsch and
Mahmood, 1991; Wagner, 1996 and Mata, 1996) is that the likelihood
of survival tends to increase systematically with firm size and firm
age. These results suggest that cohorts of smaller firms, which also
tend to be younger firms, will systematically include a greater share
of firms that will ultimately fail than do the larger firm size classes.
Presumably it is those firms which are the least productive and
forced to compensate employees at lower levels that ultimately exit
out of the industry.
Therefore, the inclusion of such firms which ultimately exit results in
the estimation of a smaller mean productivity and employee com-
pensation associated with the smaller firm size classes than would
have been calculated had only surviving firms been included. It is
conceivable that the observed relationships between firm size,
employee compensation and productivity are simply attributable to
the greater presence of inefficient firms within the smaller firm-size
classes. This would suggest that the observed relationships are less
the result of a strategy of compensating factor differentials being
deployed by sub-optimal firms and more the result of including a
higher proportion of unsuccessful firms in the cohorts containing the
smaller firms.
To shed at least some light on distinguishing between the composi-
tional effect from the strategy of factor compensation differentials,
firms in existence in 1980 are divided into two major cohorts – those
firms surviving through 1991 and those no longer in existence as of
1991. In forming and interpreting these two cohorts, two important
qualifications must be emphasized. First, due to constraints within
the Statistics Netherlands, it is not possible to include firms with
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focusing on the link between firm size and a strategy of compensat-
ing factor differentials. Second, a firm disappears from the files for a
number of reasons on addition to simply going out of business. For
example, firms acquired or involved in consolidations are recorded
as exiting.
Table 10 shows that the likelihood of survival tends to increase along
with firm size over the eleven-year period. The 1980 productivity of
surviving firms is systematically greater than that for their competi-
tors which exited prior to 1991 for all size classes. At the same time,
the gap in mean productivity between smaller and larger firms still
remains, even for the exiting firms, although it is considerably greater
for the surviving ones. That is, on average the surviving firms are
14.7 percent more productive than their counterparts that exited. At
the same time, the largest surviving firms are 17.4 percent more pro-
ductive than the smallest firms. Thus, some of the propensity for
smaller firm size classes to exhibit lower productivity levels can be
attributed to the inclusion of a higher proportion of firms that will
ultimately exit. But at the same time, even after including only sur-
viving firms, the positive relationship between firm size and produc-
tivity still remains. And, the productivity gap is greater between the
smallest and largest firms than between the surviving and exiting
ones within any size class. In fact, it is within the largest firm size
class that the productivity gap between surviving and exiting firms is
the greatest, both in relative as well as in absolute terms. 
The gap in employee compensation is also considerably greater
across firm-size classes than within any particular size class. That is,
employee compensation by surviving firms is 18.2 percent greater in
the largest firm-size class than in the smallest. However, on average,
there is only a 2.91 percent higher level of employee compensation
in surviving firms than in exiting firms. Thus, differentials in
employee compensation are far more attributable to firm size than to
whether the firm ultimately survives or fails. The tendency for small-
er firms to engage in a strategy of compensating factor differentials
remains and does not vary greatly within a firm size class. Rather, it
is the relatively large variations in employee compensation across
firm size classes, for both surviving and exiting firms, that is consis-
tent with the theory of compensating factor differentials.
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The growing importance of small firms (Audretsch and Thurik, 1997
and 1998) and their contribution to economic growth (Audretsch and
Thurik, 1998; Carree and Thurik, 1998 and 1999) gives rise to some
intriguing questions. Probably, the most intriguing question is how
small firms are able to survive. And even more strikingly, how is it
that small firms in industries where scale economies play an impor-
tant role or firms that have been termed in the industrial organiza-
tion literature as sub-optimal scale firms, are able to exist? One
answer provided by a now rather large literature linking firm size and
age to survival rates is that they are not – at least, not with the same
likelihood as their larger and more mature counterparts. It is exactly
this literature identifying the positive relationship between firm size
(and age) and the likelihood of survival that confirms the suspicion
that, at least some small firms are confronted by a size-related dis-
advantage.
In this paper, we extend the arguments of Audretsch (1995) and
Audretsch and Yamawaki (1992) and suggest a different answer:
small firms are able to compensate for any size related disadvantage
by pursuing a strategy of compensating factor differentials, where
factors of production are deployed differently and compensated dif-
ferently. Given the institutional rigidities in European labor markets,
it might have been suspected that perhaps such a strategy of com-
pensating factor differentials is possible in the United States and even
Japan, but not in Europe. Yet we find considerable evidence sug-
gesting that, even within the European context, small firms can com-
pensate for their size inherent disadvantages by reducing the com-
pensation to labor and by increasing investment. And the evidence
for the Netherlands suggests that, as the cost differential increases
(measured by the productivity differential) for any given firm size,
the reliance upon such a strategy of compensating factor differentials
also increases.
In using the firm as a unit of observation we are unable to control for
the type or quality of labor input used by each individual firm. And
as a virtual stylized fact in the labor economics literature suggests1,
the level of skilled labor tends to increase systematically with firm
size. Thus, the strategy of compensating factor differentials employed
by firms confronted by a cost disadvantage (as captured by the pro-
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tors of production and the type and quality of factors.
Probably, smaller scale firms pursue a strategy of seeking product
niches and therefore do not compete directly against the larger firms
included in a rather broadly defined industry classified by a national
statistical office.1 This is certainly consistent with the findings in this
paper that firms operating in an industry where the small firms have
the innovative advantage rely less on reducing employee compensa-
tion. That is, innovative activity and pursuing niches is clearly a type
of compensating strategy deployed by smaller competitors to offset
what would otherwise be an inherent size disadvantage.
What are the economic welfare implications? Leonard Weiss (1991)
argued that the existence of small firms which are sub-optimal with-
in the organization of an industry represented a loss in economic effi-
ciency. Weiss (1979, p. 1137) advocated any public policy ‘. . .creates
social gains in the form of less sub-optimal capacity.’ Translating this
lower efficiency into the impact on the labor market, Brown,
Hamilton and Medoff (1990, pp. 88 and 89) conclude that, ‘Workers
in large firms earn higher wages, and this fact cannot be explained
completely by differences in labor quality, industry, working condi-
tions, or union status. Workers in large firms also enjoy better bene-
fits and greater job security than their counterparts in small firms.
When these factors are added together, it appears that workers in
large firms do have a superior employment package.’
The conclusions by Weiss (1991) and Brown, Hamilton and Medoff
(1990) are based on a static analysis. However, when viewed through
a dynamic lens, a different conclusion emerges. One of the most
striking results of this study is the positive impact of firm age on pro-
ductivity and employee compensation, even after controlling for the
size of the firm. And given the strongly confirmed stylized fact link-
ing both firm size and age to a negative rate of growth (that is the
smaller and younger a firm is the faster it will grow), this new find-
ing linking firm age to employee compensation and productivity sug-
gests that not only will some of the small and sub-optimal firms of
today become the large and optimal firms of tomorrow, but that there
is at least a tendency for the low productivity and wage of today to
become the high productivity and wage of tomorrow.
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990600  24-07-2000  14:40  Pagina 39Table 6 Description of all variables
Firm Levels
Age Number of months that a company is registered with the Central Statistics
Office Netherlands. Registration began in 1967. A company changing core busi-
ness will be registered as a new company in the new industry, 1991.
Investment Depreciation costs (in Fl. 1000) of cumulative lagged investments (capital
stock), divided by the number of employees, 1991. 
Compensation Total amount the employer has to compensate employees divided by total num-
ber of employees. This includes social security taxes and benefits paid to the
government, 1991.
Employees Number of employees, 1991.
Productivity Value added (in Fl. 1000) divided by the number of employees, 1991.
Sales Value of the total amounts of goods sold (in Fl. 1000), 1991.
Size Difference  Sales of the sub-optimal firm minus the MES (sales), 1991.
Size Difference Scaled by MES Sales of the sub-optimal firm minus the MES (sales) divided by the MES (%),
1991.
Industry levels
MES Mean sales (in Fl. 1000) of the largest companies in the industry, which have
aggregate sales accounting for half of the total sales in the 3-digit industry.
Three-digit industry variable, 1991.
Market Mean market growth, measured as mean percentage growth of sales, 1985-1990.
Growth Three-digit industry variable.
Small Firm Innovative Advantage Mean R&D intensity of small firms (<= 100 employees) divided by mean R&D
intensity of all firms. R&D intensity is measured as total number of employees
involved in R&D for the company (formal, informal and external R&D) divided
by total employment. Three-digit industry variable, 1988.
Unskilled Labor Total amount of blue-collar workers in a two-digit industry divided by the num-
ber of white-collar employees, 1987. Two-digit industry variable, 1987.
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990600  24-07-2000  14:40  Pagina 40Table 7 Regression Results for Differences between Sub-Optimal and Optimal Firm Size, equa-
tion (1) (t-statistics in parentheses)a
Unscaledb Scaled by MES Hypotheses
Not corrected for  Corrected for 
hetero-skedasticity hetero-skedasticity  Expected
OLS 2SLS 2SLS 2SLS signs
Compensation -0.458* 4.89* 0.539** 2.84** +
Difference (-1.96) (2.13) (3.96) (13.3)
Productivity 1.38** -8.70** 0.165* -0.560** -
Difference (13.3) (-7.12) (2.28) (-9.49)
Investment -1.42** 16.5** -0.307** 0.727** -
Difference (-3.89) (7.26) (-2.70) (8.40)
Market 27.6** 12.9** 0.631** -2.419** -
Growth (16.4) (4.15) (4.00) (-12.0) -
Small Firm Innovation  23.6** 0.67 0.055 -4.39**
Advantage (6.99) (0.11) (0.20) (-9.70)
Sample Size 7716 7716 7716 7716
R2 0.27 0.14 0.04 0.24
F-value 125.94 54.14 15.12 102.83
a Dummies for each 2-digit sector were used to compensate for differences between industries. These replace
the intercept and are not reported for presentation purposes. The first two columns are divided by 1000 for
presentation purposes.
b The regressions are weighted by the sample proportion.
* Statistically significant for 95 percent level of confidence, two-tailed test.
** Statistically significant for 99 percent level of confidence, two-tailed test.
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990600  24-07-2000  14:40  Pagina 41Table 8 Regression Results for Differences in Employment Compensation between Sub-Optimal
and Optimal Firms, equation (2) (t-statistics in parentheses)a
Size Difference Unscaledb Size Difference Scaled by MES
OLS 2SLS 2SLS
Size Difference -0.00070 0.0073* 0.36**
(-1.28) (2.23) (4.08)
Productivity Difference 156** 97.2** 0.10**
(38.8) (12.35) (12.4)
Age 23.1** 21.6** 0.011**
(12.9) (11.5) (4.91)
Unskilled -7660** -8520** -6.49**
Labor (-6.02) (-6.09) (-5.70)
Sample Size 7716 7716 7716
R2 0.28 0.17 0.13
F-value 133.84 69.23 51.65
a Dummies for each 2-digit sector were used to compensate for differences between industries. These replace
the intercept and are not reported for presentation purposes. The first two columns are multiplied by 1000
for presentation purposes.
b The regressions are weighted by the sample proportion.
* Statistically significant for 95 percent level of confidence, two-tailed test.
** Statistically significant for 99 percent level of confidence, two-tailed test.
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990600  24-07-2000  14:40  Pagina 42Table 9 Regression Results for Differences in Productivity between Sub-Optimal and Optimal
Firms, equation (3) (t-statistics in parenthesesa
Size Difference Unscaledb Size Difference Scaled by MES
OLS 2SLS 2SLS
Size Difference 0.023** -0.014 -3.17**
(16.8) (-1.70) (-5.90)
Investment 2120** 3100** 4.13**
Difference (43.6) (44.4) (22.6)
Age 14.4** 31** 0.092**
(3.15) (6.11) (6.89)
Sample Size 7716 7716 7716
R2 0.30 0.28 0.11
F-value 156 144.21 46.53
a Dummies for each 2-digit sector were used to compensate for differences between industries. These replace
the intercept and are not reported for presentation purposes. The first two columns are multiplied by 1000
for presentation purposes.
b The regressions are weighted by the sample proportion.
* Statistically significant for 95 percent level of confidence, two-tailed test.
** Statistically significant for 99 percent level of confidence, two-tailed test.
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